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SECTION  I 


ENVIRONMENTAL  ANALYSIS 


1.  INTRODUCTION 

The  following  environmental  conditions,  in  which  the  Optical 
Radar  Angle  Tracking  Mount  must  operate,  are  restated  below 
(from  PR  No.  A-l-1095,  paragraph  3.6): 

Temperature  - 

Operating:  -20°  F  to  +  100^  F 

Non-Operating:  -35°  F  to  +  140  F 

Stability:  10°  F  change  in  a  60  minute  period 

Humidity  - 

Operating  or  non-operating:  10  to  100%  Rh  with  condensation 

due  to  temperature  changes. 


a .  Aut h ori  za  ti  on 

The  following  theoretical  environmental  analysis  is  in 
lieu  of  actual  environmental  testing  and  is  included  in 
this  Technical  Report  by  authorization  of  PR  No.  A-l-1095, 
Amendment  #1,  21  December  1971,  attachment  #2. 

b .  Scope 

Regarding  overall  temperature  ranne  or  temperature  changes 
in  a  relatively  short  period  of  time  such  as  2  or  4  hours 
maximum,  only  hot  spots  or  non-uniformly  heated  (or  cooled) 
areas  are  considered  as  contributions  to  the  pointing  error 
of  the  mount.  Uniform  heating  (or  cooling)  regardless  of 
rate  of  temperature  change  causes  no  calcuable  distortions 
or  alignment  alterations  since  material  selections  are 
compatible  throughout  the  instrument. 

Non-uniform  heating  does,  however,  exist  and  manifests 
itself  in  two  distinct  modes:  first,  externally  from 
random  solar  heating,  and  second,  internally  from  oil 
bearing  heat.  Both  are  discussed  herein  in  paragraphs  1.2 
and  1.3,  respectively. 

Regarding  relative  humidity  or  condensation  resulting  from 
coincident  temperature  and  humidity  conditions,  all  exposed 
surfaces  of  the  entire  mount  are  painted,  plated  or  protected 
in  some  way  such  that  condensation  will  cause  no  detrimental 
effect,  with  one  exception,  that  being  the  elevation  mirror 
surface.  Any  contamination  that  may  fall  upon  the  mirror 
surface  while  it  is  wet  will  be  left  behind  when  the  water 
dries,  leaving  a  film  which  can  reduce  the  reflectivity  of 
the  mirror.  Periodic  surface  cleaning  can  correct  this 
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problem,  or  some  steps  can  be  taken  to  prevent  the  problem. 
First,  always  store  the  elevation  mirror,  when  not  in  use, 
at  either  0  or  180  of  Elevation  Angie.  This  will  put  the 
plane  of  the  mirror  vertical.  Second,  during  climatic  periods 
of  high  humidity  and  low  temperature,  warm  the  ambient  air 
inside  the  dome  and,  if  possible,  refrain  from  use  in  order 
to  keep  the  dome  closed. 

RANDOM  SOLAR  HEAT  POINTING  ERROR 

When  the  coelostat  is  operating  on  a  sunny  day  with  the  dome  doors 
open,  the  radiant  energy  of  the  sun  will  not  uniformly  bathe  the 
entire  instrument.  The  solar  radiation  will  fall  on  different 
areas  and  even  move  across  these  areas  when  the  mount  is  movinq. 
Most  of  the  areas  are  either  massive  and  squire  much  time  to 
absorb  significant  quantities  of  heat  c.  ould  not  create  an 
error  contribution  even  when  their  dimensions  become  altered  by  a 
temperature  increase.  One  area  is  critic  1  however,  that  being 
the  vertical  support  column  for  the  elevation  axis.  An  increase 
m  column  length  results  to  p  oduce  a  non-systematic  pointing 
error  by  altering  the  orthogonality  (90°  angle)  between  the  ele¬ 
vation  and  azimuth  axes. 

Referring  to  Appendix  A,  the  following  values  can  be  concluded; 

a)  that  the  temperature  rise  in  the  support  column  can  be  8°  F . 

b)  that  the  elongation  of  the  column  due  to  this  8°  F  change 
can  be  .00192  inches. 

c)  that  the  resultant  orthogonal  angle  can  vary  by  27.4  x  10^ 
rad  (5.66  arc  seconds). 

d)  that  these  changes  can  take  place  in  42  minutes. 

e)  finally,  that  the  additional  orthogonality  error  can  not 
be  tolerated  and  must  be  eliminated  or  reduced  to  an 
insignificant  value. 

a .  Sol ar  Radiation  Shield 

Ii  sulation  can  be  applied  to  shield  the  outboard  elevation 
support  column  from  the  radiant  energy  of  the  sun. 

The  shield  consists  of  a  protective  enclosure,  which  shields 
the  four  sides  of  the  column  which  may  be  exposed  to 
solar  radiation.  The  exposed  outside  surface  of  the  enclosure 
is  lined  with  a  sheet  of  aluminized  mylar  to  reflect  solar 
radiation.  The  mylar  is  bonded  to  a  wall  of  rigid  poly¬ 
ethylene  foam  of  which  the  enclosure  is  fabricated.  The  poly¬ 
ethylene  also  acts  to  retard  any  heat  that  is  not  reflected 
by  the  alumini.zed  surface.  The  aluminized  surface  reflects 
approximately  90  -  95%  of  the  incident  solar  radiation. 
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In  mounting  the  enclosure  into  position,  a  2-inch  air 
gap  is  provided  between  the  enclosure  wall  and  the  support 
column  to  promote  convection.  This  is  a  source  of  further 
heat  removal.  It  is  expected  that  the  combination  of 
reflection,  retardation,  and  convection  will  be  99.9% 
effective,  thus  eliminating  the  solar  radiation  effects  on 
the  orthogonality  portion  of  pointing  error. 

3.  OIL  BEARING  HEAT  POINTING  ERROR  (See  also  Appendix  B) 

Heat  in  a  hydrostatic  bearing  results  primarily  from  hydraulic 
pressure  energy  which  is  converted  directly  into  heat  enerqy 
when  a  pressure  drop  occurs  thru  the  compensating  elements  and 
the  bearing  pads.  No  work  is  performed  by  this  pressure  irop 
so  that  the  energy  conversion  into  heat  is  virtually  complete. 
This  heat  will  be  transferred  to  the  rotor  and  stator  of  the 
bearing,  and  then,  further,  transferred  to  the  structure  local 
to  the  bearing.  From  this  heat,  dimensional  changes  will  occur. 

At  the  azimuth  oil  bearing,  dimensionaj.  changes  would  be 
symmetrical  both  in  radial  and  axial  directions  and  thus  cause 
no  angular  variations  and  therefore  no  pointing  error  contri¬ 
butions  . 

At  the  elevation  oil  bearing,  however,  since  the  axis  of  the 
bearing  (Elevation  axis)  is  horizontal,  a  radial  dimensional 
increase  will  move  the  bearing  axis  a  distance  equal  to  1/2 
the  total  diametral  change,  which  results  to  produce  a  non- 
systematic  pointing  error  by  altering  the  orthogonality 
(90  angle)  between  the  elevation  and  azimuth  axes. 

Referring  to  Appendix  B,  the  following  values  can  be  concluded: 

a)  Pointing  Error  AG  =  2.5  x  10“6  rad/°F. 

(or  0.56  arc  sec/°F) . 

b)  Conservative  maximum  temperature  variation 
T  3-Ta  =  2 . 4°F . 

c)  A  realistic  value  for  T3-Ta  is  1.6°F. 

d)  The  orthogonality  can  vary  by  +2.0  x  10~6  rad 
(+.41  arc  seconds). 

e)  Finally,  that  the  additional  orthogonality  error  can 
be  tolerated  provided  that  the  total  system  pointing 
error  does  not  exceed  the  specification. 


Oil  Cooler 


If  the  total  system  pointing  error  approaches  the  speci¬ 
fication  value,  some  help  can  be  offered  through  the 
use  of  a  heat  exchanger  in  the  hydraulic  supply  system, 
(his  cooling  unit  could  be  installed  in  the  oil  return 
lino  at  the  location  of  the  hydraulic  power  unit.  There 
are,  however,  several  other  natural  conditions  for  heat 
exchange  which  preclude  the  use  of  the  cooler. 
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SECTION  II 


HYDROSTATIC  BEARINGS  DESIGN 


1.  INTRODUCTION 


Three  hydrostatic  oil  bearings  are  used  in  the  design  of  the 
optical  radar  a'.gle  tracking  mount.  The  bearings  provide 
smooth,  precise,  and  friction  free  operation  throughout  the 
operational  range  of  the  instrument.  The  bearings  include 
the  azimuth  axis  thrust  bearing,  the  azimj+-''  axis  radial 
bearing,  and  the  elevation  axis  radial  be...  g.  The  azimuth 
axis  bearings  are  combined  into  one  assembl y  to  provide  tota: 
restraint  capability  for  the  azimuth  axis.  Oil  is  supplied 
to  all  three  bearings  at  230  psi. 

Operational  tempgrature  limits  of  the  coelostat  are  between 
-20  F  and  +  100  F.  Bearing  ;>il  viscosity  will  change 
accordingly.  If  the  viscosity  is  too  high,  it  will  have 
difficulty  in  being  pumped.  If  the  viscosity  is  coo  low  the 
oil  will  be  too  thin  and  excessive  flow  will  result.  In  the 
present  application,  the  recommended  viscosity  limits  for 
bearing  operation  are  4  x  10  6  REYN  to  28  x  10-6  PEYN 
(32-200  Centistokes) .  One  single  fluid  cannot  provide  these 
narrog  viscosity  limits  in  the  temperature  range  -20°  F  to 
+  100  F.  Two  fluids  are  therefore  recommended  with  chancre- 
over  periods  occurring  in  th  i  Fall  and  Spring  of  each  year 


EXHIBIT  A 
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August  16,  1972 


Owens-Illinois  Inc. 

Fecker  Systems  Div. 

4709  baum  Blvd. 

Pittsburgh,  Pa.  15213 

Attention:  Mr.  Spiro  Pappas 

Subject:  FIRL  evaluation  of  Owens-Illinois  design  approach  nf  oil 

hydrostatic  bearings  for  a  2-axis  optical  radar  tracking 
mount. 


References:  1.  Owens-Illinois  Purchase  Order  No.  C3134D-9-864 
dated  8/10/72 

2.  Engineering  discussions  held  at  Owens-Illinois  Fecker 
Systems  Div.  Pittsburgh  facility  on  August  14  &  15,  1972 

Gentlemen: 


The  purpose  of  this  letter  is  to  formalize  the  writer's  evaluation  of 
the  Owens-Illinois  oil-lubricated  hydrostatic  hearino  design  approach  for 
application  to  a  2-Axis  Optical  Radar  Trackino  Mount.  *This  evaluation  was 
performed  for  Owens-Illinois  (Ref.  1)  during  recently  held  discussions  with 
cognizant  0-1  personnel  at  your  facility  (Ref.  2) 

Oil-lubricated  hydrostatic  bearings  are  to  be  applied  to  the  azimuth 
axis  and  to  the  elevation  axis  (inboard  end  only)  of  the  subject  mount. 

The  azimuth  bearing  consists  of  three  bearing  surfaces,  namelv,  unner  and 
lower  thrust  surfaces  and  a  radial  bearing  surface.  All  such  hearino  sur¬ 
faces  are  of  the  multi-pad  type.  The  number  of  pads  used  and  their  locations 
are  such  as  to  provide  the  necessary  thrust,  radial  and  moment  load-carryino 
capability.  The  elevation  axis  bearing  is  also  a  multi-pad  journal  bearing 
as  required  for  support  of  the  radial  load. 

The  bearing  analysis  methods  used  are  adequate  for  the  bearing  concents 
employed.  Hence,  predictions  of  oil-film  load-carrying  capabilities,  stiff¬ 
nesses,  flows,  pressures,  etc.,  are  valid. 
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EXHIBIT  A  (Cont ' d  . ) 


-2- 


The  subject  application  uses  the  capillary-compensated,  constant  pres¬ 
sure  source  type  of  lubricant  supply  distribution  circuit.  This  tvpe  of 
circuit  minimizes  the  changes  in  bearing  performance  dup  to  the  broad  range 
of  operating  temperature. 

The  seemingly  novel  method  of  providing  pressurized  flow  to  the  eleva¬ 
tion  bearing  (via  a  manifold  incorporated  within  the  azimuth  radial  hearing) 
is  a  well  proven  technique.  In  effect,  a  "hydraulic  slip  rinq"  is  realized 
that  is  similar  in  principle  and  in  form  to  that  used  in  various  enoine 
crankshafts  to  supply  pressurized  oil  from  the  rotating  crankshaft  to 
lubricate  the  oscil latino  connecting  rod  wrist  pin  hearinns. 

The  writer  is  in  agreement  with  the  desion  modifu.  ion  to  supply  both 
bearings  with  the  sane  value  of  supply  pressure  (230  ps'o;.  Thus,  the  major 
pressure-drop  in  the  elevation  bearing  w ill  be  across  its  capillar^  tube 
restrictor  (230-35  =  195  psiq).  This  r'll  result  in  about  a  50%  increase 
in  elevation  bearing  oil-film  stiffness  compared  to  that  realized  with  onlv 
a  70  psig  supply  pressure. 

The  selection  of  oil-film  clearances  in  the  range  of  0.002  to  o.nn?, 
inch  is  within  the  right  range  from  the  competing  considerations  of  flows 
required,  oil-film  stiffnesses,  and  required  bearing  fabrication  and  instal¬ 
lation  tolerances. 

In  our  evaluation  of  the  desiqn  approach  (in  its  current  state  of 
completeness)  we  would  foresee  a  numb'-  of  potential  problem  areas,  namelv: 

•  Adequate  and  purposeful  control  of  supply  oil  temperature  to 
minimize  deleterious  thermal  gradients  within  the  mount. 

•  The  incorporation  of  as  much  lubricant  drainage.as  is  ohysicallv 
possible  in  order  to  promote  the  free  flow  of  return  oil  (hv 
gravity)  back  to  the  reservoir(s)  without  the  build-up  of  excessive 
back  pressures  in  the  main  discharge  oil  collecting  cavities. 

•  Matching  of  structural  compliance  characteristics  of  mating  hearino 
member  support  structures  to  insure  aqainst  loss  of  bearing  oil-film 
performance  due  to  compliance-induced  misalignments  of  bearing 
surfaces. 

All  of  these  potential  problem  areas  are  recognized  bv  0-1  and  are,  therefore, 
being  given  careful  consideration  during  the  bearing  design  phase  now  underway. 

In  summary  then,  on  the  basis  of  our  limited  evaluation  it  is  our  opinion 
that  the  0-1  hydrostatic  bearing  design  effort  is  proceeding  in  the  right 
direction  and  is  backed-up  with  sufficiently  realistic  analysis  met^oHs  and 
capabilities  that  are  required  to  generate  sufficient  confidence  that  the 
final  bearing  design  to  he  applied  will  provide  adequate  performance  before 
said  desiqn  is  committed  to  hardware. 
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EXHIBIT  A  (Cont'd  .  ) 
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Tiie  FIRl  is  pleased  to  have  been  of  service  to  Ov/ens- Illinois.  !'e 
shall  he  pleased  to  provide  additional  services  if  and  as  sub^eouently 
required  during  the  course  of  completion  of  the  bearinn  design  effort  hy 
Ov/ens- Illinois. 


Sincerelv, 

H.  C.  Rippel 
Principal  Enaineer 

kas 

cc:  Mr.  G.  J.  Thompson 
Project  Engineer 
Ov/en  s- Illinois 

Mr.  John  Daker 
Purchasing  Agent 
Owens-Illinois 


a.  Oil  coolinq  received  the  fullest  consideration  in 
the  final  bearing  designs  but  the  decision  for  an 
oil  cooler  is  still  held  in  abeyance  not  because 
of  any  bearing  performance  characteristic,  but 
because  of  the  possibility  of  the  oil  bearing  heat 
pointing  error  contribution  which  is  discussed  in 
paragraph  1.3  of  this  report. 

b.  Maximum  possible  drainage  ducts,  within  space 
allowances,  were  provided,  especially  from  the 
elevation  bearings.  In  addition,  a  vacuum  scavenge 
system  has  been  included  to  assist  in  the  return  oil 
flow  and  prevent  oil  seepage  throuah  the  qaps  between 
the  rotor  and  stator  of  each  bearing.  This  vacuum 
scavenge  system  will  cause  a  press’  ■*  differential 
across  the  oil  bearing  gaps  of  aboi  1  psi. 

c.  Matching  structural  compliances  were  improved  in  the 
following  manner  to  ii  ure  against  loss  of  bearing 
oil-film  performance  due  to  compliance  induced  mis¬ 
alignments  of  bearing  surfaces: 

.  Stiffened  structure 
Stiffened  rings 

.  Elevation  housing  wall  thickness  was  increased 
.  O.D.  of  azimuth  bearing  supports  were  increased 

3.  AZIMUTH  AXIS  THRUST  BEARING  (See  also  Aooendix  C) 

The  azimuth  axis  thrust  bearing  provides  thrust  support  for 
the  total  moving  mass  of  coelostat  and  f Iso  provides  restraining 
moment  for  the  axis  about  a  plane  perpendicular  to  the  azimuth 
axis  ("Rocking  Moment").  The  bearinq  consists  of  twelve  equally 
spaced  pairs  of  opposed  locating  pads  (total  of  24  pads)  arranged 
in  a  circle  which  has  a  mean  radius  of  26.88  inches.  An  oil  supply 
pressure  of  230  psi  is  applied  through  twenty-four  capillary 
compensating  tubes  for  regulation  of  oil  flow  tc  the  individual 
pads.  The  nominal  preload  clearance  is  0.0025  inches.  The  applied 
load  produces  an  eccentricity  of  approximately  0.000675  inches. 
Rocking  moment  stiffness  exceeds  20  x  10  in-lbs/rad  which  is 
more  than  adequate. 

4.  AZIMUTH  AXIS  RADIAL  BEARING  (See  also  Appendix  D) 

The  azimuth  axis  radial  bearing  is  a  journal  bearing  which  restrains 
any  lateral  movement  by  the  azimuth  axis.  The  bearing  is  58.00 
inches  in  diameter  and  consists  of  twelve  equally  spaced  pads  pre- 
loaded  against  the  journal  to  provide  the  required  stiffness.  The 
supply  pressure  is  230  psi  (as  in  the  other  two  bearings)  and  is 
equally  distributed  to  the  pads  by  twelve  capillary  flow 
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restrictors,  one  for  each  pad.  The  nominal  radial  clearance 
(and  film  thickness)  is  0.0025  inches.  Axis  eccentricity  can 
only  occur  with  the  introduction  of  a  side  load.  Stiffness 
of  the  bearing,  however,  is  quite  high  and  any  resulting 
eccentricity  would  be  insignificant. 


5.  ELEVATION  AXIS  RADIAL  BEARING  (See  also  Appendix  E) 

The  elevation  bearing  is  a  journal  bearing  which  supports  the 
inboard  side  of  the  elevation  axis.  The  bearing  has  eight  equally 
spaced  hydrostatic  pads  which  are  an  integral  part  of  the  outer 
support  ring.  The  journal  diameter  is  55.00  inches.  Bearing  oil 
supply  pressure  is  230  psi  and  is  appl'^d  across  eight  capillary 
flow  regulators  to  properly  distribute  -he  oil  to  the  eight 
individual  bearing  pads.  The  no-load  radial  clearance  between 
journal  and  support  ring  is  0.003  inch.  Application  of  the 
bearing  load  introduces  an  eccentricity  of  0.0009  inches. 


6.  BEARING  OIL  TRANSFER  SLOT 

Providing  oil  under  pressure  to  the  inner  axis  bearing  from  an 
oil  supply  system  externally  located  is  accomplished  by  the  use 
of  an  oil  transfer  slot.  The  transfer  slot  is  considered  a 
hydraulic  slipring,  but  with  some  leakage.  The  oil  passer  from 
a  stationary  ring  to  a  rotating  ring  having  a  circumferential 
groove.  The  groove  serves  as  a  common  supply  for  th>~  ei'~’ 
capillary  inlets  of  the  elevation  bearing.  The  leakage  is 
controlled  by  fixing  the  sill  length  and  cap  of  the  leakage 
path.  The  gap  or  radial  clearance  is  0.0025  inches  and  the 
length  of  the  sill  is  1.00  inch.  Flow  across  the  slot  (leakage) 
is  hence  laminar  and  can  be  determined  with  the  following  flow 
equation: 


9 


Where : 


Q  =  Flow  (in3/sec) 

b  =  Sill  width  (ring  circumference)  inch 
L  =  Sill  length  (inch) 
h  =  Film  thickness  (gap)  inch 
M  =  Viscosity  (REYN) 

AP  =  Ps  -  Pa  (PSI) 

Ps  =  Supply  pressure  (PSI) 

Pa  -  Ambient  pressure  (PSI) 

Ap  =  230  PSI 

L  =  1.00  inch 

b  =  tt  x  (58.00)  =  182.2  inch 
h  =  0.0025  j-nch 

p  =  4  x  10~b  REYN 

„  _  230  x  0.00253  x  2  x  182.2 

Q  12  x  T  x  10“6  x  1 .0 

Q  =  27.2  in3/sec 


Flow  Horsepower 

27.2  x  230 
Hp  =  - 

6600 

Hp  =  0.95  hp 


CAPILLARY  COMPENSATION 

Compensating  elements  for  hydrostatic  bearings  -  flow  restrictors 
between  the  oil  supply  pump  and  the  bearing  pads  -  have  a 
definite  effect  on  bearing  performance.  Capillary  compensation 
is  used  in  this  application  because  it  offers  several  advantages. 

It  is  desirable  to  maintain  the  pressure  ratio,  pad  stiffness  and 
bearing  eccentricity  invariant  with  variations  in  bearing  fluid 
viscosity  (which  will  occur  with  variations  in  temperature) .  Only 
capillary  compensation  will  provide  this  advantage.  This  phenom¬ 
enon  is  particularly  important  in  the  elevation  axis  bearing  whose 
axis  is  horizontal.  Changes  in  bearing  eccentricity  have  a  marked 
effect  on  orthogonality  to  the  azimuth  axis,  and  hence  the  accuracy 
or  pointing  error  of  the  instrument. 


SUMMARY 

Included  in  Table  I  is  a  summary  of  parameters  for  the  three 
hydrostatic  oil  bearings  and  the  oil  transfer  slot. 
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TABLE  I 
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MS’  X 

1  O  *■  »Kl 

-  v_0 

/  MlM  “F 

SuB-STlTUTnE  ABOVC  NiUNHfJ.!0,A.L.  v  AUUC5 

EQUATION'S  (yO,(p)  ,  f  (p)  . 

d e  '  t i<i. \mc  "Tj  ~ 

usiN<  v/Auuti  For  maximum  o iu  Flow 


IKJTO 


SUBJECT 


BY  DATE 


m.  k.  CLUOTi  co..  pan.,  pa.  reorder  A  mi 


PARM  »  in* 


N.  • 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEER  DATA 


I  4,4  %  y<3u 


1  - 


\  ■  1  S  x  t  o  w  j 


.  T  !  — 
L  o. 


Mxio 


514  y(cb J 


6m  feH  / 1 
M  S’  *  iofc 


ZSc 
I  S'© 


V 


o .  t443y  iofc  1 

_  -r 

<?•  ihh3 y ic4, 

Z  o 

lx 

1  "V* 

l.i?  *  to  *• 

w  «** 

•A. 

0.S7H  Yio •*  J 

ISO 

O,  >,H43>  X  W 
MS'  * \ou 


Tx« 


T, 


1  + 


Ue>  A  &.-K. 

\ •  iS  y  iob 


.  t  r  - 

„  u  L  o. 


-A-  i 
^74  x  io fcJ 


E-*  ^  ex  ~~J 


lo 

/S“0 


-  'Jg*.  A 


Gy.  Men 
I.i5><  io6 


T, [uhtJ-Ta  [c.iis] 

3  - - 


-  I.  S3 


0.SS3 


>  - 


Tt  jj  -  I2s]~  ^  [-zg2]  -*.)** 


0.41Z 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


WITHOUT  HEAT  EXCMrAMSeR  Tn.  ^  »  -x, 

THE70  SOUUISU  THE  EFUATIOMS  F  OR  fA  Av*  FLOW 

Tz  -  -  2.34  '  F 

l.tf.  FpR  the  HUH  flow  Ce*4D|TlON^  THE 
GEARinI^  IK-ILET  TEm?  ,  Tj  ,  SHOULD  Not 
exceed  AfHBicNJT  TffHP  Ta  0v;  more  thak}  2.it°  F 


Detccmime  T-j  ~  Ta 

OSH'U  /ALOt5  FOR  iHlMlHAufH  OIL.  Fucw 


tTi  ^  0.11*!  T 

T'U  “ 


C  ,  I  L3  y  ip 

O.Zoi,  Xiofc 


0.  It»3  Xip 
0>i  o3  Wo^ 


j.  3>o 
l  S*£> 


_  r 

— 

0.  1443  XiO 

.  'T 

f  o^443>xlc>,’ 

2.0 

.  +  (.lot,  X  iofc  . 

'  A 

j_  O.IOT*  %  \Oh  ~ 

/  5*0 

|  _  c' 

0, Zo L  x/o ^ 

With  cut  *4E"AT  FxcHAwitR  Tx  =T> 
$CLVlKJ<  the  EQUATIONS  FOR  M  JM  FLOvU 

I  3  -  ”T<^  -  0.  IZ  0  F 


SUBJECT 


BY  D/TE 


B.  K.  CUJ0T7  CO.,  NH.i  FA.  REORDER  A  IM) 


iA»y  m  iAft 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


S'MO-E  THE'  Fuo^j  thHou<H  BE"  A  R.  I  HA  IS 

PEPeMPEM-r  ChA  Vl<*^oS\Tsy/  A  C  oM  STAk/T  VtSCCSfTY 
"T H  RcJ<5  HC'JT  ThHET  TCH  PEIS.  ATUiZ-E  RAkS^je  W  COUP 
T^AtEi  T-l  -Ta  .  M-ovj£\jere.  ,  suocc 

THE  visoosrry  ;awp  the  fmov^j,  docs  vakly, 

T}  -T'^  I  5  EX  PFCTETP  T  V/AK.T  WITH  \T  . 

(^TE^PERFTupIC  YARi  AT1/DK1S  iM  ENTT  1  o  M  F.  c=>  hCT?E  APE 
THE  ^PER^TiouAL  AMBIENT  TEH PER ATJU&  V**tAT|CMiS 
F2ck\  -ZOeF  Tt>  106*  F) 

THE  AMAL'/ill  ScHFWHAT  CckJSERvA-tivje  And 

ALTHcvJ^H  A  TEMp  vAR/ATionJ  “T^ -T^  IS 
AT  THE  HIGHEST  Fi-ovo  |T  IS  £  on  S  '  D  ERed  F'<SH. 
THE  TFMPtFATURE  PTFET?E>^CP  15  FXREC.T05 
Tb  2>E  LESS  And  0-AkI  bE  DEC.  12  EAT.ETP  EV£N 
PL^THep.  WITH  THE.  Uifc  OF  A  HEAT  CXitHAMiEX 
(ok.  Cooler)  (F  HFCE6SAFV*  5TI?Dc.TUfl^L 
Amo  PiPim^;  PjRoviS|oM5  Fop  a^  £>il_  ccouER  in 
THE  SYSTEM  HAVE  SEEV-i  ¥* APT?  BUT  wiu^.  Mot 
1-1  BE  REQUIRED, 

CONjiiDET?  \M><i  A  MoRF  RtAUiTK  TEMP  WE  ATUTRE 

Rise  of  U°f  THE  P  ^  1  njT  1  w  <Z  EE.ROVZ.  uiiuu 

U»k.f.\_h  BE 

A&  =  Z.SWicf4  RAO/ip  y  1-4,’F 
^0=  ^>0  xio  ^  (?Ap 
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OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


"THE  ER1ZOR  £-ANJ  HOvJE’k/e’R  BE  DIVIDED 

AND  tAk.e>4  ABcut  A  TEKki  vAUuC  ,  KATYVEK. 

THAN  A  4  y*-RAO  PClNTlMtS  ERROR,  THE  EX 5 ^>0 
FROM  THE  VJ1UL  BE  ±  2.  RAD 


FORM  f  10* 


APPENDIX  C 

AZIMUTH  AXIS  THRUST  BE'  NG 
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OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


A^I^UTM  A  y  IS  THRUST 

II  S err^s  ©f  cpPostD  HVDRoiTATic  pads  arc 

W5EO  TO  PROVIDE  THE  CCAO  CARRY  IMS  CAPABILITY 
OF  Tm£  A^iMuTH  TH-RuST  B£AR  \M<5  .  THE  PAP  5 
ARE  ARRANGED  WM  A  Circular  PATERA!  HAvikJtf 

A  MtAM  RADivJ^,^,  cr  -Zfe.feg.  IK4CHE5  ,  Amp  arc 

EQUALLY  SPACED.  5  U  FF  \Cl  EKJT  PRE '  AC?  >  ^  PRoviC?EP 

TC  MEET  The  McMEMT  5TIFFUC55  PtGAJiVRE  MEHT 

OF  l  9-1.  Y.IO<)  IN- 1-6 /rad'  wAPiuLAR-y  Restrj  otcR-S 
APE  U5EP  A  5  THE  Flow  ££  M  PE  M  SATiM  <T  ELEMENTS 
So  That  PPCPER  div-fr  t BUTICM  ~tc  e.ac_m  pad 
IS  ASSURED  C»J£  £A  PiLU  ARy  RtSTR\CTt>"R  PER  ^AD  \*>  UsCD. 

LIST  OP  lyh&OL5 

=  ’Rt-OU  IRE-'C*  RcCFlNfi  Y\OV\EMT  6TIFFNES5 
Op  BEAR  VMS  (im  -lB/RAO) 

Kyy  =■  ACTUAL  RCcK-  \M  <S  N|  O  MCN  T  ST|FFMt55 
OF  &EAR\Kl6  <'M -i-6  /Rad) 

M*x  =  RocfinjS  Homent(im-l6) 

Ip  -  UUAR  tilt  CA05EP  BY  Kl**  (rad) 

M>  =  iTlFFMESs  OF  SlHfiut  PAIR  cF  opprSEO  PAP'i^.a/iN 
S,  =  STIFFHCSS  OF  IWOiUlOoAu  UPPER.  PAP  (l&A**) 

iTlFFWESS  OF  (KIPIVMDU  AX_  UoWER.  Pad(lB/im) 

l^  =  MEAK»  RAp»u6  OP  PAO  CIRCLE-  (im) 

D<  =  AN6ULAR  LOCAT\oH  of  PADS  FRoM  *-X  Ref  (dS-*) 

3ft 


SUBJECT 


BY 


•.  a  r  UOTT  CO.. 


FOUtt  C  100 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


PAO  ARRAKIcjeM^hVT 

X 


-jiS  — \ 


2&.8B  »KI 


OPposero 
pap  PAIRS  ^ 


— Azimuth  a*\s 


R6CK.>M6  moment 


MU* 


^  o  ^"vv  ''^^w  Ol , 


SuBSTl  TuTlNlS  \J AUUE5  FOR  12  FOU/M-U'-/  •SPAC-E'D  PAO  PAIRS 

M*X  =  2  to  C  Y  Z  S,w  30'’  +  2-‘S'Kl  (’■o'  +  S|K1  >"] 

Mxv  -  7.HH  K„  rw'  y 


SUBJECT 


K,  CkUOTT  CO..  PCH.,  PA.  ■(OftDI*  MMI 


OWENS-ILLINOIS  I 

FECKER  SYSTEMS  DIVISION _ |  ENGINEERING  DATA 

Kv,  =■  -  7.HH  K.C 

ReOutCED  BE"ARlsJ(i  5T|FPMES«» 

Kmr=  I  *  1  0 *  IKI'LB  -P 

Re^U'^ED  PAD  PAIR  57  FFklESS 

7  44  C 

Kor  = 

7.44  *  2.4. 8S7"  . 

Kc*  -  3,  SB  *  \oL 
|KJ<1UVJDE  ZO  7o  5AFETY  M  AR<5  iNi 

Kor  -  4.4- x  \  o4,  l_B>/)N  for  B^R1N<;  Siting 
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OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


thMLP^p  d\ 


i-ist  of  svi^ Bol$ 


/3  =  PRESS  uRE  RATIO 

Pr  =  RC^G-55  PRGT5SURE  (ps^ 

Rs  s  SUPPLY  PRESSURE  (P5i') 

S,=  STIFFNESS  of  VJPPET*  p*d(lb/>n) 

5x.=-  STIFFNES5  Op  L-OvJ£-R  PAO  (lB/ua) 

W  =  P^O  ucAD  (lb) 

r  plUKl  TH  i  C  1C  N  ES  b  (lMC.Fl) 

C  -  A*  I  A  L_  £  L-EARA.N1C.E  (|MO|-\) 

^A.  -  V  I5C05  i-rv  (  RE'VNl) 

Ap  *  PAO  AREA  (lNl) 

^  =  PAO  AREA  COEFF. 

Ae -  Ap  =  effect»ve  pad  area 

-  Pad  flovn  (,kiV  sec.) 

^  =  PAD  Fl-ovJ  COEfF, 

£r  rCC.ENTP.lClT'V  (\h*C.K) 

£  =.  eocentRicitv  PA-r\o  (%) 

dt  -  <^APu_LARy  diA^te^ 

-#<.=  CAPiLUAvRy  LcNl^TH 

M  ores  (0  ALL  PR)N\ep  ^M6  0Ls(  ^DENotc  preload  Condition 
(z')  Reference  oesisn)  manual  \s  "  cast  e>ROK^e- 

HYDROSTATIC  BEARJKXS  Design"  BY  IIARRy  RlPPEL 
OF  FpAMICUtM  \  M  ST  lJU  TET 


SUBJECT 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVI 


ENGINEERING  DATA 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


SEVERAL-  \Tfe1CAVlOt-lS  VJE.PC  Df>K)G  TO  ARR»NE  ATTHC 
HNA.U  O  PTiivm  'LE^O  PAP  OonJFI  /VTiO^si  AfviP  SuPPuV 

PRE55URG:  .  0ML.7  THE  FINAL.  \THRAT\«Ki  15  SH-DVMN. 


APPligQ  LcAp  PER  Pap, 

=.  ^UPPO  KTED  VUEI6H' 

IT. 

R  =  32-57)  L55, 


_  3^.000 


PREL\fvMN)  AR7  GOC-E.MTR^rV'7  ^“STI  MATE 

TREATJM&  THE  bearing  A*  A  SPR.\N<i 

Dispi-(EnceNJT5ic.iTy')  e- 

•  X0R 

C.  -  32.sc) 

4-4  x iou 

€  "  <?.74  X  1  0"*  im  ch 

Bearing  a*/ai_  cufaramce  C;  0.002s' 

£cc~eh  fR  ati  o  £-  —  -  1 0  “* 

C-  2,5x  io'3 

£  =  C.ZeXo  0, 3 

REFERtHS  TO  TWE  STIFFNESS  cuRvE  FOR  £  =  0.3 


Ap  Ps 


0,431 


SUBJECT 


a.  a.  clliott  co..  pan,.  rn.  reokoe*  t-mi 


FOAM  I  10* 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


engineering  data 


Fl^AL.  PAO  6omF>SuR  ATlOSi 


I— - 12.1^ - - 

I 

|  r-. - ic.io - «-i 


AREA  or  fv 


Ap -  hxii.ii 

Ap--  Hg.T 


DETERMINE 


PAD  COC.F FICJGK-'TS  FOR  area  AnJP 

Jf.  .  2>  . 

'V  H.o< 


=  0,6o 


_  13^  -  3,  oM 
Y  H.OO 

from  REF.  PESl<£N  MAMOAC.  0s-/  Rirp^u 

--  0, 7H5 


1 


s  3.<)o 
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t-  LOV-I 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


Supply  PRgsS 

R£MeM6EK|M4  -  =  FOR 

^.4  A  p  P“j 

Dt  T  t  RM|W£  <i  of7  P  PRE^5 


<=  *  ©.3 


Af  Ap-(o.lH3y^e.7>  =.  3 L.1  inP 


R  -  3zs 'd  us 


p  ^  3zs~p 


Ps  -  2.°s  y**\ 


Allow  |oc/a  SAFe~ry  mar^im 


USE  p,  =  Z 30  PSj 


Actual  Eccemtrxotw  at  ps  -  Z3o  ?s\ 


37 .So 


^4  Ap  ps  (3ll)(zsp) 


=  tf.39 


REFERiNJiJ  TO  THE  6RAPIA  IN  F  t  £  .  \ 


£  =  £.27 

£~-  -  (p,Z7)(o.ocZS) 

£  _  0.  OOO  £75*  IM 


SUBJECT 


B.  K.  ELUOTT  CO..  MM..  BA.  REORDER  A  SM) 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


PAO  P&EL^AD 


5  c  0.<Zt> 

Ps 

Pr  -  0,  S'  D  x  Z3C 
Pr  -  ll  S’  Pi  l 


W'tffApPr  -  (36.z)(//s) 
V/  -  HI  60 


PAP  PUQvWi 

the  Fuovj  th*u  the:  ^CARiKia  pap  clearance 

16  LAM'NJAvR  HEWCE  \T  VARIE5  |KWtRSEi.S  With  V16cc?mtV 


/=/-<?*/  P£R  PAP  Q  =  4| ■ 


KllMIMUfH  EXPECTED  V'4,<LC75|TV  -  H)</0~b  R£Y*4 

b 

A+  =  0.7  V  3 
Pr  -  //S'  P*/ 

K  '  -  O'  Od£  IM  (<£  PPet-oAD-NO  ec*-€bJTP/CrrvS) 


<$  =  /.3o 


SUBJECT 


a.  K.  ILUOTT  CO..  UN..  PA.  *10*01*  *-M«l 


roan  i  to* 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


l-cao  Flows 


£  o  _  (l  ~~  £  C<rg.  )  (  /i  '  J 


fci  PTt 


\  -  UPPER  FA o 
Z  -  UDv^ER  PAD 


Q  ,  (  I  *  C  ZlV  (  C",S  J 


_  H-\c 

Q'  "  3. ps 


=  izm 


&,  -  !•  Z47.  *  l.’Jo 
&,  -  \~IS  IM3/6E£ 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


Q  I  -  o.zi)  (.)..] 


.  oriiB 

Q'  '  1.30^ 


0.$  (o  X  1 .3>o 


TOTAL,  SEARlMg  FLOW  -  2.H  PADS  (in  UPPER  AMD  |7.  i_0wjCT?') 

G-,  =  iz  Q,  +■  a  Qv 

-  )~i  (i-lO  +  a  (a.i*) 

=  2.^,  g,  i^’/sec  (l.lg'  6Pto) 

FLOW  HORSCPcWCR 

Up-  ^  %  x  2-30 
(c<+CO 

Mp  -  \-oM-  Uvp 

HiLUL*  THE  A Scn/ET  Flows  ARE  BASED  OsJ  THE 

VISeosiTV  OF  Tne  E>ETA«iM4  Fuvip  .  D  UR  \  kl  C.  CouO 
WEATHER  OPtRATlOW  (M  OV.  |5  -  APRn_  3o)  T^E  OPERATIONAL. 

FLOto  w«ul.  BE  M1U- H- S406  B  (  HUMBL-E  UN»V\s  T  Hi) . 
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OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


dvr»ki<s  warm  vyEXThtR  cperaticm  (ma'-m,—  nov.  \m) 

THE  ©^ERATlOKJ  A'_  FL-tMD  V-JIUU  Bf  AUTOMATIC 

TRANSMIT, OM  Fluid  (e'SXOSJ  SuDt  OS  £QUi\/AL£/Ut) . 

THE  Two  Fluid  6-  CCi-O  AND  WARM  WL-ATheR-  ARE 

Petroleum  BAS£p>\Kic>  are:  eompatable-  However, 

DuR iM  k-H  AM<SE  OVEFR  THE  5  V  STEM  5Houlo  BE 

DRA  iMEt>  AS  WELL  AS  FoS^tSlJE  P "  RTg  AdoiNiJ 
1  VIC.  N5vvj  FL-VJ'D.  T  M  \  'S  WILL  PREVENT  THE 
fcCf'',  AT  I  OKI  OF  A  TH  UD  fLOlD  ,  WHIOh  VU  I  UL  B  C 
A  MivTURF  AMP  W'MOSe  \TY  EiIARA^TER,!  stic-1 

WILL  Be.  OCL'ETPul.  IDEAU-V  NO  MARlAT|GM  I KJ 
VRjLOCiTV  5HCULD  OC 4UR.  RE7AL\*5Ti  <1  AlLV  ,  HowE|/fR) 

|T  » S  DFSI  Rt  ABi_t=  TO  ma»kita>ki  the 

V^toi  ITV  pF  THE  FLUIP  BETUEtM  THE  Luvn-rs 

Cp  4x10***  to  2  *,  x  l  o'6,  REyN  (  3?  to  Zoo  CenTi  Sttjxl  s) 
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OWENS-ILLINOIS 

PECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


£ Final  BeARIM^;  3T'FFMeS3 

£TiFFNe<><.  OF  CwlF  PA\F  of  PADS  (  Ko, 


E^UNL 

Tb  THE  5uN\ 

OF  THE 

STlFFMEia-erS 

Thu 

OPPOSISJC  PA0  5. 

Ko  -  Si 

tS, 

5,  -- 

.  STIFFNESS 

of  uppers. 

pAO 

^  STlFFSiES^, 

OF  lower 

PAvD 

V'  3W"  ( 

va) 

Vs 1 1  fo  )  Amd  M06T  BE  DeTERMiMED 

Film  TH  ic_y-Kj  5 

V\^  r  Ct‘% 

^  ^  c 

o.zn 

C  -  O'  ODZ  S’ 

€~  (o.n)(o,oozf)  -  0,000(01? 
V\t-  0,001?  +-  C .  OOC  <olS  -  0.  OO  3  I  7  S’ 

V\v-  O.OoZS  -  O.OCO&7?  -  0,Oo\%T_? 


OWENS. ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


Pad  uoad  - 


%  K- 


W,  =  =  zriau 

(3-^)  ( 0.0 ol  17 S)3 


AU  "  "7 - w - vT“  -  5^7o  L.& 

(l,q)  (o.  OO  I  El.  S') 

<3^ictc  6Het< 

Wrv/,  -  S97o-Z73>o  -  324o*3c.R  *k 


PAD  P^E-SSUffr  RATIO 

Pr,"T — 5  -  7SSP», 

ApAf  3 

*'*  ITT'-  ltff  f“' 

As  -5j_  c.  75-^  *.  (0 . 3Z  g 

P* 


/**.*  o.l  1 7 

Ps  -i-^o 


FORM  CIO* 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


ST»FFNE*S3  <=>,  -  1L±L  ( 

Vs,  ^ 


5,  -  liillz}  /,-  0.1U)  =  |.Tixio‘  ls/,m 

ll£32°L/i-o.n7)  =  2.T0xid‘i*m 

0.o©|fc7_<5  ' 


KT0= 

-  I_13  /io4*  -v-  z.ift  xioc  lb/m 
K0  -  H<£l  y  io6"  ls//(U 


oF  SAFFV/ 


^ ,  ±liz h£L  =  0lU 


3.  SB 


W\  =  2  6  /c 


SUBJECT 

BY 


DATE 


53 


PAGE 


I 


* 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


i/fcIMUTM  Ay.\S  RADIAL.  BEJ\«\nI< 


™E  A*)fv\OTH  AXIS  RAOIXL  iMcJ  \S  A  MOLTlPue 

XovJfLM  AL  BsA^|N«i  HAVING,  \1.  EQuAl-LV  S  PACEp 
pAp5.  THE  BEARING-  |5  5"£.oo  {KiCHCi  IN  DiAK\eTEK 

AHD  PROVIDES  LATERAL  RE5TRAINT  Of  THE  A^tMuTR 
Ax»  5  So  THAT  MO  E. c^-ETKO TR t C. iTy  OF  the  Axis 
CAN J  OCCUR- 

EiCARlMCPAD  A  RRAN£E^tNT 


/V 

/  e 


\>x 

V  \ 


--j  »  / 

X. 


PAD  stiffness  V-^x&^  =  Sv^S 


Pt^UiRED  SEAR»k)S  LATERAL  STIFFNESS  \<t  -  6X|0fcLB/i 


SUBJECT 


■Y  DATE 


•  .  K.  CLUOTT  CO.,  MM..  **  RfO«D(C  «.*M* 


rouM  t  io* 


OWENS-ILLINOIS 
FECKEI  SYSTEMS  DIVISION 


ENGINEERING  DATA 


Actual 

VHFrMC** 


K-t-  —  2  ^  •+•  *4  ^  Sim  to' t  H  simx3o 


Kr  -  bS  ~  y  i  c° 

RE"6UJ1?fcD  PAD 

^titfness  Sr  -  I  x  it/  UB//M 


Site  SETARiKJtf  PADS  VALU€ 

FOR  sri"  FNK4  5-  •  XI  P*  L8//N 


SUBJECT 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


f?A  P>M-  PAP  PETFR^lMA-no^J 

UST  OF  SyMBOLt 

fh  -  PRESSURE  ratio 

Tj.-RFC.eS5  PRess 

p5  =  Supply  pi?e65oRE  (psi) 

.5  =  PAlP  STIFTkJ£55  (Vs/im) 

W  =  PAD  LOAD  (V&) 

K-FlLKl  TkICKNCss  (ikic^ 

<C  -  RADIAL  OLEARANdC 
^  :  \J  i  Sc.o  SlTV  (REVN5) 

Ap  *  PAD  area  (inj*) 

-  pad  ARea  coefficient 

Q  =.  Pad  flow  (  inV^ec) 

Pad  Fl-cvvi  Coefficient 

t-  CC-C.EMTR.iC.lTy  (inch) 

Q  =  /£  =  &c^.e-KrrKic.iTy  ratio 

dc  -  CAPlLE  ARy  TUBE  DIAfAETeR  (in) 

-X  t  ;  CAPl^-L.  ARy  TVB>C  LENCTH  (in) 


NctGS  (0  All.  priMep  sv^bols^  y  pckJote'  preloao  condition* 

(z)  Ketfeojce  pr5i<iN  manual.  \s  ’'cast  brdkJslg’ 

HVDRd  STATIC  BEARING  DE5l<‘Ni '*  Bv  HARRV  RiPPFi- 

OT  FPANVc  uni  INSTITUTE., 


SUBJECT 

BY 


DATE 


59 


PAGE 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


N 0  THAM  K)  CT£L\  <S  IT5  (_£  Eid  £>JT&tC  tTV  WH_U 

tvrR  BET  RFAua  i-CTO  By  THE-  to  v^mAu  OMlV  The 
FReucAQ  cca-jcmtiom-s  Kieiro  coK^tDEPe-p. 

CAPiluARV  CotA Pi£7\l 5 At ) o M 

S'"- 

K'  ^ 


3(1- /S') 


A  -  £  =  o.oozs  ikj 

5  -  I  X  /ci  LB/lkl 

AMD  DS/M<£  /6'  -  (5.3 

V/  *=.  (l  X/0L')  (o'OC  2-sQ 

3  (/-as) 

w'  -  //S2-  <-6 


60 


B.  K.  CLUOTT  CO.,  MN..  RA.  RtORDtR  AX*  J 

FOUM  K  IOB 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


U5|K»<  CONlVEKJ  PA*P  COMF^ORATIOM 


PAP  AREA 

Ap  -  XV  -  °).  o  x  3,d 
A  p  -  7-7,  o  iki 


\a/  -  A  p  P»-  '  A  p  /$  P5 

U5iKi<s  AvVau_abl.g:  Suppu-y  pre^s  Ps-z3,0fii 

,  =.  y'  -  ^  ii?'1- _ 

Ap^Rs  (ii.oXo-i)(.v  °) 

PAD  AREA  GtETFi^iGNT 

-  0.  GH 

DETEet^»Me  IMSVX?E  DiMoJ-SloKJ5  X  Asio  ^ 

-21  :  Si 00  =  3.0 
V  3.00 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


^RoM  RET  f'lA\K)UA,u  Q'j  RiFTEA. 


U"  (oMH)(z.oo) 

^  -  !.  17-  in 

V-g  =  X-x 

x  -  X  -  (Y-a)  =  c-  (3.C0- 

X  -  7.  37-  >Nl 

S|V-L  VJIOTH  [_  -  V  -lV  _  'S.PC?  -  I- >?■ 

T.  7- 

L  -  0.  im 


FlWAU  PAD  CON  Pi  S,\JR/VnoKj 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


pad  Fuqw 

the  pad  Flcpv <7  THRU  TH’L  BEARi^cS  PAD  CL^ARAMCE* 

\S  L.AMINAR  IT  VAP>i^5  !  MvEKSED/  vJ  ITH  vMiOOS  iTY 

FRoM\  RBF.  PESliSN  MAkJuM-  BV  RiPPEL. 

pcR  Ji-  =  3.0  A'  44 

4,  *  z.es 


>5  -  9  ^Ja- 

^  64  K 

MINIMUM  EXPECTETD  v  I  ^  Co  city  p 

U-- z •<’s 

W  '  ~  W°\Z  I-B 
.  >*5 

-  O.oo^S 
/*\  p  -  2  7i  IP 

/ 

61  -  i/is  /  lili-x  £i$£i£- 

Z7-o  4  x  i o’ 


Mx  ID*U  REV^ 


<Q  =  c.s-/ 


SUBJECT 


B.  X.  CLUOTT  CO..  MM..  M.  BKOBDCR  A -304 


roNM  K  IC« 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


TCTAu  Flow  -12.  PA05 

<3t  -  1^-$'  =■  »2-  X  0.  5»  I 

£5-r  -  12  inj^/ sec  (i.ii  <2pM^ 


FLoW  KOHiE  Pow&FC 


U  -  /4».I2-Vz.2*o) 

HP  - '  =0.214  kp 

<«  4oo  r 


SI2UN6  OF  CAP'LV-Arcw 

ECvJAhTC  Pad  FLOW  to  (SAPIulARV  F  i—O  w 

O'-.?  a,.  Pi-il  TT<£  (K-ft) 


VJH-E^F"  =  OAPiuuA^y  TUBE  D/AfAETtK 

*^c-  ^APiLLARy  -fu&e  LO-*<STH 


/3-A  ,  0.3 

A 


SUBJECT 

I  BY 

DATE 

».  K.  CUJOTT  CO..  NH.,  Pt.  110*01*  »»♦«> 


rOKM  (  10* 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


M. 


U&lbi<z  <,TA^C>  ARD  7 J  -  O.olf 


S'/.SV/o'* 


/S'ox/o  *  . 
si.  $  */d'* 


CAPiuLARV 
L-EM  at  m 


lc-  2.^1  ,McH 


£B£c><  maximum  RcyMcups  number 

M,?  =•  4(°  & 

TT  d.c 

Nr  -  4  /  1  d-*/  <?,SI 


T(o.03S-)(4>io'fe) 

-Hit.  <£  icocr 

OK 

65 

SUBJECT 

PAGE 

BY 

■  K  ELLIOTT  CO  .  F«H.,  PA.  REORDER 

DATE 

— 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


ETl-£.  Vft-T'  ON  A>JS  RADiM  SEM 

THF  ELEVATION  A*lS  pADlAu  BEARING  16  A  TOURkia,u 
£>CARiI\J£  WHICH  ^UPPoR.T5  THC  ELEVATIoM  AVIS  ATTHE 

IMl3oHRD  LO^ATICXi  60  7M  ATT  \TS  AXIS  \*S  TOR  1 'EOKJTA  |_. 

THE  B€ARiM<a  Cok\si6TS  &  eooaun  <;pa.cep 

HVOR  0<«TATt6  PAD5  WHICH  ARE  PR-CLjOACpctd  TD 
PROVIDE  A  RApiAu  5T1PF  MESi  op  A PPItPKi  matels 

r.Sxio4,  lb/Vj.  this  15  somewhat  <sv?eattr  thasJ 
the-  required  stiffness  of  i.o/io4  Ua/|N 

POE  PR  iMARlLi  TO  SMALLER  XOURKlAU  ECA£MTR.lOTV 
VJH'tH  \6  U5EP  FoR  CREATED  STABIUIT^. 

CAPillARV  RESTRiFTPRS  ARE  used  A  5  THE  Fto  W 

c om pen  sat iM  <s  elements  5o  t'at  proper 

FLUID  PlSTRI  B^TVCM  to  EACH  PAP  \5  A56UREP. 

owe  capillary  Restrictor  fojs.  each  pad  is  used. 
Bearing  diameter  is  SS.op'H. 


OWENS-ILLINOIS  1 

FECKER  SYSTEMS  DIVISION  ENGINEERING  DATA 


8  PAP  TOORMA.L 


-  0° 

cos  £,  -  l.o 

Cos  6t.  =  0.70-7 

6Z~- 

£o<>  o 

©*/"  i*>£e 

CoS  ©4=  -0,1  ol 

Gs*\eo° 

CoS  <9j i  - 1, o 

'-2zr° 

Cos  ©t  =  -o.lol 

©7  *-  21 0 

Co s  67-0 

6%  *3»S° 

Cos  ©g  =  0,  lol 

68 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


List  OF  £vne>OuS 

&  -  pressure  Ratio 

Pr-  R CCEii  PRE64^RE  (PSl') 

Ps  =  SuPPui  'PF-ETS-.ORe 

^  =  INDIVIDUAL  PAD  STlFfNESS  (l&/in) 

W  =  pad  Load 
h  =  Film  thickness 
C  -  RaDi\L  LlEAF^ANLE  (tM^ 
e~  eccfmtpi6itv  (k,'' 

£  -  %  1  EO-ENTRitiT/  RATIO 
p-  =■  V16C051TV  (RE'/w') 

Ap=  Pad  Area  (im1) 

~  PAD  AR-eA  CoeFFIC\E-K»T 
X  =  PAD  Fuoj  (lN?  /4>< ul) 

-  PA«P  Fuow  COCFFHciet^T 

dc  -  LAPluLAR'*  TUBE"  DiM^FTCR  (im) 

=  lapillarv  -was  length  (\n) 

MoTtS  (0  M-\_  PRICED  SVfv\Bci_*5  (  *)  OESloTTE  PAP  PRFLoAD  CCNDlTtoM 

(2.)  REFONLE  PFSl&tN  f^ANJVAL  \S  "LAST  BRO  NJtLE 

HVDfRD  STATIC  BEARiM<S  Oe5l<iN}"  15 V  HARR.V  RtPPEL 

Cf  F  RANK  LlN  IMSTITUTT. 


69 


•.  K.  CLUOTT  CO.,  P«N.,  PA.  MOROffV  A*  MM) 


FORM  V  I0« 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


OETt'RMtWE  UOAO  Pi<.PL.Acc,MC-N»T  ch  AR  AC-TC!?'  6TIC-S 
PAR.  A  f"'.  'JUT  |  PA  D  TCuft.  wal  2>S7\Rl  Mi  H-Avi\i6  uTiSHT  (tf) 
fcCOA_L.V  SPACED  Pad? 

FVROM  RCF  D£Si<SW  M  AM uAu  SV  H*  RiP^EU 


R 

Ax  A  P  Ps 


/g> 

H 3' 


60s 


(1-  6  6cS  ©,)"* 


6  OS 


1 


PLOT  6CAO  -OiS^uAoEMENT  CH-ARACTtRlS-^tCS  |.£. 

rf^ApP-s 

v||JE(?G  f<f  -  Be^RiNi  Load 

£-  6CiXe>XT)?ul|TV  RATIO 


S6"V£RAV-  1  T&  (?  A  Ti  Ot-J  *>  v^enac  PcTR.Frc.ic*-<ET>  To  .CfitAiM  A 
PFSiCCABi^e  PAr?  C'OFi^ORAtlCM  .  CKuV  THE  P>hjAu. 
\t«-/vtioM  15  included. 

USC  /&  -  0. 1^ 

O  8T A  I  N]  v'AL-uej  <7F  S -  Fce 

^  Ps 

EiO-eMTGic 'TIE'S  CF  C.l,  0.  6,  0.3  ;  ArvO  OM 

AMD  Plot 


/-  c./s 


-  o.  nc,£ 


SUBJECT 


■Y  DATE 

“inniu3T^?^35^r'T!S5B!rTS!!T“— 


70 

!  1  PARE 


FORM  t  I0« 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


For  €  *■  o.\ 

-  ^ ■  "■  -  <3.n4S  _ +  z(o.lol)  _  z(o.i 07)  I 

^Ao?‘>  ^-o.i)Vo.nc,  (i-o.ovn)\  o.nu  (\.oioi)\c.nt,~  (\rf±o.\u  j 


=  0.1  ^ 


For  £  =  O.Z. 

* 

c?  1  U  0.1 07) 

_Q -  ^  ^ -  + - - - tt“ - 

^ApPs  (l-.Hl)Vo  i76 


z(o.lol) _ 1 

(1  .i4i)*Vo.n&  (\.z)3  +0,n6 


^  Ap  Ps 


~  0.^\ 


Fcr  €-0,3 

~ — —  =  6.I74S - +  '2-(£:7p7) _ 

^Aprs  (l-o,3)+o,nt  (l- o.xiz.)’VH-o,t'7G 


2(0-707) _ _j _ 

(l.ziz-) V  o.n <4  Q/.3 )Vo.ni 


A  ^  A  p 


SUBJECT 


DATE 


i 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


Fctf  4  -  CM 


2  LC.lcj) 


I  ( I- ,4^+- 0.17 6  (l-.lH)Vo.nt 

.F^  _  r  ri  i  /, 


ZQ7r7) 
(I.ZS3)'  Ofc 


(  -V  0.176, 


A  p  Ps 


-  S-Tjg 


L-cAD  Di<PAC.£HE  Kit  CuRvie  rCR 
©PAD  H  Ci'RMAl  BEARING 

A'  -  o. is- 


0.*  - 


an  -r 


£  -  Eccentric ;tV 

72 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


OWENS. ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


„  A  Scco 

f\r>  _  — 

>  '  c.h  7-10 


Ap  -  4‘2-  M  in1 


AVAlUA&UE  pad  WIDTH  Y-  t4,ro  INl 


- X 


V-4.^0 
'i  | 


41 


•5»LU 


1  tT  —  -  3.oo 

T  W 


THSKA  X  *  \3.  So 


Pad  area  Ap-  X  7  =  iisokh.?d 

Ap-  ^o.a  in 

A ,  c  *1lL  r  ilLH- 
1  Ap 

^  -  o.^e 


SUBJECT 


R.  K.  CLL10TT  CO  P«H„  M. 


Rf ORDf R  «.)M) 


FORM  I  I0« 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


fkom  ref  -oe-siG^A  manual  <2>y  v\,r\ppku 

<?.£1 

'I 

For 

^  =  2- .  "?>  IKi 


DFFtMlTICN  OF  pAo  <£  CUK'VGT'**'-* 


V-'j-  X->-  =  2L 
%-%-  (Y-%)  -  l*-So-  (l/Sd-2.*  t) 


X-  II. 38 


SlUL_  Vv/  1  C7TH  L- 

L  T_ 


FlKiAL.  PAD 
COKiP\6uPArTtON 


Y-X  _  2.  12 

"  7_  7_ 

=  l.ofc  INI 


~T 

2,38 


SUBJECT 


irt.  CLLIOTT  CO..  NN..  f  A  HOMER  A-M«l 


ronM  i  io* 


OWENS-ILLINOIS 
FECKEft  SYSTEMS  DIVISION 


ENGINEERING  DATA 


1 


PP 


OWENS-ILLINOIS  I  _ 

ftCKH  SYSTEMS  DIVISION  I  ENGINEERING  DATA 


_XKJPIV>Pl;AL-  PAP  PARAMgTgKS 
FU-M  TVAi£ic.|Og$S 

-  C~  €.  Co*  Qm 


m- 


C  -  0.  003 

e.  -  0.  oocq 

hi*  C,0f3-^9(|);  o  41  ,M 
Hx-  0.CO3-  t.  COD**  (oiol)  =  c.  oc  2  36  ikj 

1^3  -  O.0C1  -  £!,0£  (o)  =.  0.CO3  110 

-  o.ool  -  o.ccoq  (-  0.107)  -  C.  OC3feH  IKJ 
k$--  C.0C3  -(C-oc4)(-l)  ~  C.oc  39  IM 

5  £.003  '(.0.C00i)(~0, 107)  -  o.  Oo34=<4  ikj 
^7"  o.oo3-(o.ooo^)(o)  -  o.oo3  ikj 

^8-  c'°fl  (c.00c^)(o.7o7)=.  0.00236  in 


dddm  c  too 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


XKJQtVUXJAl.  PA P  PA^AfrlCTcaS 
PAP  Flo>M6 

&  o  -  &  to* 

Cl’  ’  (%'-')(!-* ffV+i* 


£.67  C‘~  e  ***  g) 

S",<*7(  i  ~  6  c*sQ)1  +  i 


€  =  0.1 

Ci  '  -  C.SS7.  /H*/i>£c  ^AT  MiNinau**  v»s«-*4»t'V  —  \ 

l.tf.  MAXIMUM  PWSvU, 


PA^  »/ 

A 


_  k-LTf  (/  ~  _ £.  67  2,  2.9 

S-A7(/~  0  l)'-*-\  S'67(o.Ml)+i 


0.77  S' 


lUl/sec 


pad  #; 


3?v  .  (>.(,?(  I- C  ZIl) 

C'  5‘>l7(/-c.U2_)J+l 


6.6.7  (o.w) 
Sid  {c.t+M)+i 


3.77 


Q **■  OM  7  7  W  Vsrtf. 


PAD  #  3 


6l  .iil/No)’ 


r,4>7  (i-oy-t-i  ^,^7 


PAP  <M 


_  £.67 


-  /.o 


0*  =  0  >^/±ec- 

\ 

G*  .  6.^7 (/  +  c.znf  _  i.bl(hifi)  _ 
C  5*67  (l+O.Ztz)  V/  5T.67(/.70)  *-/ 

-  0,  59/  /M%£c. 


II  t* 

HI 


-bo  7 


SUBJECT 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


INDIVIDUAL.  PAP 
PAP  FLOWS 
pad  #  S 


_  (o.ui  (/-bQ.z)> _ _  6.  i,i  (2.11s) 

Q'  5.  S7(i  +0.1)'  +  1  S’ ,LD( 2./f%)  + 


PAD  #  <0 


PAD  4  7 


PAD  *  & 


0-(oG(o  /Ll  /  6 


<2*.  -  Gy  =  <0.5-9 


^  1  *  5  OiS'ST- 


Q  %-  Qt.-  0.  477  ‘V^/iec, 


/3.3Z 


=-1.10 


total  FL-qvQ  ~A  Lu  fads 


‘  0.9*?  4-  1*  <3.477  7_>  4-  1  v  C,S7i 

<£t  r  3.64-8  ImV^Ec.  (o.qss  <£PM) 


O,  to  4. 


Flow  ^iepcocu. 


Hr.  y>»ai.  -  0.It8 . 

C*£>  Co 


SUBJECT 


■.  k.  cujott  co..  nm„  r*.  Mower  A- MTS 


lt« 


ENGINEERING  DATA 


:mpivhdua\,  p*p  P^MCA^E-nsit^ 
pad  fleets  PfcesiuRC's 


?r,  -  j  /-a  v,nu-^lii-  ^  -79,/L  P<.» 

H*  (3.w  n»(o.c,'».4)k7  C.ooi.^ 


Pr^-  \-69  X  lO"***  -~-e  ».t>9  /io  b  s  61.^  p*  i 

^  G.OOZIb 


Pr^  l.fc>9Xlo'<'-^i%a  3^.5-  p*. 
0  00'S 


?rH-  \-<*1  X  I0'fa  "-S-3-i  -  2.^.6  051 

O.eolfcM*  r 

Pre  *•  \.  C9  X>0~fe  6  ttlC,-yS  Ife.-S  04, 
5  C.ee39 

Prfc  -  Pr^x  zc.e  PS  I 
Prn  -  Pr^  ^4.  5  pi | 

Prft  -  P»  a  r.  kk.Sfit 


P^CS-SoR-ff  f^-rio 


/6^=  CZ  67 
^  -  o.jso 
/3^  -  O.o9l 


/3ff  -  Q.ciz 


<5/  a  0,Dl  » 


/$i  *  C.  t  SD 


~  O'lfc  I 


PAGE 


OWENS-ILLINOIS 
PECKER  SYSTEMS  DIVISION 


LhLPmDUfcU  PAD  PArf?  A  METERS 


ENGINEERING  DATA 


PAO  LOADS 


W,a-  Pr,  -  (o. fcal«)(fa0.*)(7^.2.v)  ^  3320  LB 


VJt *  HZ. 4*  415=  2510  LB 


W3l  42 .4  X  34.T*  1443  L8 
41-4  *  2C.S  =  StZ.  LG 
Wf:  42.4  x  14. S'  -  lor.  L© 

V4  C  =  3*2  LB 
W7=  1443  LB 
VcU  *  25'»o  L© 


,  v.  Si  'ti  -  cJ  -l  A'- 


■EMflflflHflH 


OWENS-ILLINOIS 
FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


S  r-fc  H .) <;  oc  dAPlULAfty  Rg5TRtCTPR.S 

S'flOATE'  PAD  FL.OVU/  TO  CAPtULARy  FLoW 

<3-  F>>-^--  t~<=C  to-iV) 

4  -r 

VllHERt  Jc-  tAP!UL.ARy  TUgE  DiAMETEK 
ic-  apiaARV  TUL>  .  l£V5CTH 


1 


/3’x£ 


-  C  iS 


4i  0  XI  o'* 

«<. 

Ut>lK)<  STANDARD  TUgiNi<S  p  I A  M  E  TER  <dc  -  0.C3S 

l,  =  (O.cizf  ,  (%M 

4fc.o*iO*v”  ML 


DATE 


1 


•I 


OWENS-ILLINOIS 

FECKER  SYSTEMS  DIVISION 


ENGINEERING  DATA 


CHECK  RENKJCUD5  NUM6E1?. 

fvi  a*  »  m  om  Fudvo  occuzs  at  p*g>  n  S’ 


Mo-  ^  y  o.ipfc 


TT  (o,0i5r) 


Nr*  *^9 2.  2-ooc 


SUBJECT 

BY 

DATE 

m>. 


r 


■  K  ELLIOTT  CO  ,  *  IN.  M  *(010(1  LIN) 


rONM  (  IOC 


